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PROGRESS REPORT - 

This repoTt includes the results obtained from July 1, 1972 through. 

Dec. 31, 1974 or about two and one-half years of the three year project which 
terminates June 30, 1975. 




SUMMARY 



The overall objectives of the original project were to determine whether the •> 
absence of a-1-antitrypsin (heretofore referred to as a-1-proteinase inhibitor or 
a-l-PI) resulted in abnormal degradation of lung alveoli by uncontrolled proteolysis 
.due to elastase-like enzymes secreted from granulocytes or from the pancreas. The 
destruction of the alveoli, it was assumed, ultimately resulted in the development 
■ of emphysema. 


The specific aims were to a)' isolate and characterize human pancreatic elastase, 
b) isolate and characterize elastolytic enzymes from human purulent sputum, and 
human granulocytes and compare each with that from the pancreas, c) to isolate 
human -1-PI from the two most phenotypically different types of individuals 
classified as MM and ZZ and study their comparative properties and their ability 
to interact with pancreatic and leukocytic proteases. 

We have accomplished virtually all of the original goals of this project with 
the exception that we have chosen not to work with purulent sputum since it is 
far too complicated, a mixture of bacterial and human proteins to make any definite 
conclusions about the sources and importance of enzymes found therein. The leuko¬ 
cytic elastase(s) have been purified, however, and a comparison with a human 
pancreatic enzyme is being made. The pancreatic enzyme, however, is not a true 
elastase. 

TVo forms of a-l-PI, from MM' and ZZ plasma, have been isolated and preliminary 
structural studies indicate major differences in the carbohydrate side chain, 
although not in sialic acid content. Evidently, this deficiency, which results 
in the deposition of the abnormal protein (Type ZZ) in the liver, is due to an 
inborn error in carbohydrate side chain synthesis. Studies on the interaction of 
the normal inhibitor with several proteases, including leukocytic elastase, 
indicate that the molecule can bind two moles of enzyme per mole of inhibitor. 

This would suggest that the real concentration of a-l-PI in plasma is only about 
one-half of that currently accepted in the literature. The mechanism by which 
the interaction occurs is not yet known but studies have been initiated in this 
direction and a working hypothesis is presented below. (Section Ila) 

Finally, in order to purify many of the proteins required for several of our 
studies, new, perhaps revolutionary, techniques for albumin, removal from plasma, 
albumin isolation, protease purification, and general affinity chromatography 
have been developed'. Details on all of the above information are given in 
subsequent sections. 
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2. DETAILED PROGRESS REPORT 

a) PURIFICATION OF g-i-PI AND STUDY OF ITS MECHANISM OF ACTION ' ^ 

The initial attempts to purify this protein by affinity chromatography 
(1) resulted, unfortunately, in the isolation of a pure but inactive protein. 

Since the major contaminant in the purification was due to albumin, we developed 
an affinity column containing the conjugate known as blue dextran. This material 
has a strong affinity for albumin and virtually no affinity for other plasma 
proteins. As a result we were able to prepare albumin-depleted plasma (2,3) 

(< 2% albumin left) which we were able to utilize for the subsequent purification 
of the inhibitor. This was performed! by salt fractionation and two ion-exchange 
chromatography steps (4,5). The resulting material (molecular weight 52,000) had 
.a capacity to bind two moles of trypsin, chymotrypsin, or elastase per mole of 
inhibitor (6). 

Although some studies on the mechanism by which this inhibitor interacted with 
proteases have been carried 1 out (7), the experiments are far fromi complete. Our 
present results indicate that with.trypsin (molecular weight 25,000) a simple 
1:1 covalently bonded complex of molecular weight 78,000 is first formed. This 
"complex is then acted upon by a second molecule of trypsin to release a polypeptide 
chain of molecular weight 18,000, which immediately reacts with the trypsin 
molecule to give a new complex of molecular weight 43,000 (8,9). Such a mechanism 
involving limited proteolysis is not unusual and occurs in zymogen activation, 
blood clotting, and complement activations. 

The type ZZ inhibitor has been isolated by the same procedure as that for 
type MM. Preliminary experiments indicate no differences in the amino acid 
composition of the two proteins but a significant change in carbohydrate composition 
This portion of the ct-l-PI molecule, which represents 12% of the molecular weight, 
has substantially less hexosamine content in the type ZZ protein (10). Thus, the 
apparent reason for ot-1-PI (type ZZ) accumulation in liver is due to aberrant side 
chain synthesis due, presumably, to a defect in a glycosyl transferase in the 
liver Golgi apparatus where carbohydrate side chain synthesis is known to occur. 

b) PURIFICATION' OF GRANULOCYTIC ELASTASE 


In order to determine if, indeed, elastase enzymes were involved in lung damage, 
it was necessary to purify this enzyme from both human granulocytes and pancreas. 

The isolation of granulocytic elastase was immediately complicated by DNA and 
RNA binding which tended to precipitate the enzyme. However, by isolating 
granulocytes using dextran sedimentation and lysing' the cells with heparin, we 
were able to obtain intact granules virtually free: of DNA.or RNA. Granule lysis 
in high salt resulted in a very active preparation' of crude granulocytic elastase. 

The purification of the enzyme(s> has been accomplished by taking into account 
the inhibitory properties of Trasylol (Kunitz bovine pancreatic trypsin inhibitor) 
towards granulocytic elastase activity. By preparing an affinity column of 
Sepharose-trasylol we were able to absorb all of the elastase activity and 
subsequently desorb by changing pH (from 6,5 to 4.0). This resulted in the 
isolation of four isoenzymes, all ,of which had elastolytic activity. A twenty-fold 
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increase in specific activity occurred in this step. Subsequent ion-exchange j 
chromatography- on CM -eellulosc resolved the major form of elastase (representing 
about 70% of the total activity) from the other three forms (11). We believe 
that pro t - eo 1 y s-is-by-other enzymes in granulocytes has caused the formation of 
the multiple enzymes. We are currently using only the major form for comparative 
studies which, to date, indicate no similarities between this enzyme and that 
from pancreas, described below. 

; C The granulocyte elastase (MW 26,000) is rapidly inactivated by a-l-PI and the 
product.has a molecular weight greater than 90,000 indicating direct formation 
of 2:1 complex. Further studies are in progress as described in the specific 
aims section of this proposal. 
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c) ISOLATION AND PROPERTIES OF PANCREATIC PROTEASES 


- In order to determine whether human pancreatic elastase might play some role 
in lung digestion or at least be related to the granulocytic enzyme in such a 
way as to make it useful in model systems, attempts were made to purify the 
protein. The results were certainly useful but also somewhat unusual. A protein 
with very similar properties to pancreatic elastase was purified (12,13). This " 
protein, however, could only hydrolyze low molecular weight synthetic substrates 
as well as denatured proteins. Itcould not digest elastin. The reasoning behind 
the results obtained was that the human enzyme was too acidic in nature to bind 
to elastin despite the fact that it hydrolyzed similar peptide bonds in other 
proteins. The enzyme was found to be very dissimilar to the granulocytic elastase. ; 
However, it is probably very useful in the digestion of hydrophobic proteins in 
the intestine. A second protease with weak elastolytic activity is present in¬ 
human’ pancreas but it is present in insufficient quantities to make isolation 
feasible. 

ry During'the isolation of the new enzyme which we called "protease E", a second 
form, of human- trypsin was isolated (14). This anionic protein was similar to 
cationic trypsin isolated in this laboratory several years ago. However, anionic 
trypsin is exceedingly unstable and autolyzes rapidly at alkaline pH. At acid 
pH it is irreversibly denatured. It Is doubtful if this enzyme plays an important 
■role in-digestion. . ..• •_ 


d) REMQVAh-QF ALBUMIN FROM PLASMA 


As stated in section 2a, an important technique used in the purification of 
d-l-PI involved- albumin binding on the insoluble support, sepharose-blue dextran. 
We have further investigated thi-s phenomenon with very encouraging results. By 
using directly the chromophore of blue dextran-, known as Cibacron Blue F-3GA, 
we have been able to prepare Insoluble supports of this dye attached- to sepharose, 
which can- bind up to 30 mg of albumin per ml of packed gel derivative. Thus, on 
columns 5 x 100 cm we have been able to retain- nearly all of the albumin in 500 ml- 
of plasma without saturating the sepharose-dye derivative, A small- quantity of 
albumin, presumably withits dye-binding site blocked because of the attachment 
of some other metabolite, always passes through- the column. This albumin depleted 
plasma can be utilized for the purification of many plasma proteins usually 
contaminated by albumin-. Other fluids containing albumin-, such as cerebrospinal 
fluid, urine, saliva, tears, etc,, could presumably be freed of this protein by 


1003546404 


Source: https://www.industrvdocuments.ucsf.edu/docs/trdmOOOO 





■ , : 


adsorption on sepharose-Cibacron Blue F-3GA and' the fluid then'utilized for 
biochemical or physiological studies. We have used other dye derivatives similar 
to Cibacron Blue F-3GA with identical results. 

" The albumin can be isolated from these columns by addition of desorbents 
including K + , Ca ++ , Mg ++ , octanoate, or SGN“. The latter has proven extremely 
useful. The column can be re-equilibrated and re-used indefinitely (15). The 
albumin appears to be pure in form by electrophoresis and has been utilized by 
, Dr. A. Humphries, Medical College of Georgia for stabilizing kidneys prior to 
-transplantation. He has found it superior to any commercial preparations of 
albumin in that he has been able to keep dog kidneys viable for at least fourteen 
days by perfusing with our albumin. 


e) INHIBITION STUDIES ON 1 PANCREATIC PROTEASES 


Because we have now purified; six human pancreatic proteases to date in our 
laboratory, it was felt that a complete study of the inhibition spectra of 
naturally occurring inhibitors towards these enzymes might prove useful. The 
results have been submitted for publication (16). 



In summary, it was found that human pancreatic proteases are, in general, 
poorly inactivated by naturally occurring inhibitors, including soybean trypsin 
inhibitor. Bowman Birk inhibitor, lima bean inhibitor, chicken ovomucoid, Kunitz 
Pancreatic Trypsin inhibitor, and Kazal Secretory Trypsin inhibitor. Only o-l-PI 
was a strong inhibitor of all human 1 pancreatic proteases. On the other hand, 
protease E, the elastase-like protease, was very poorly inhibited by all inhibitors 
except a-l-PI. 


From the above results we were able to determine that Trasylol (Kunitz Pan¬ 
creatic Trypsin Inhibitor), attached to sepharose by cyanogen bromide activation , 
should be able to bind human cationic trypsin and one form of chymotrypsin. vi’?* 

Acidification of the column would then result in release of the enzymes. By 
taking advantage of this fact we were able to design a single-step procedure for 
the isolation of human cationic trypsin and one form of human chymotrypsin, from 
activated pancreatic extracts, as pure entities separated from each other (17). 

This procedure completely superceded earlier methods developed in our laboratory, 

f) INTERACTION OF a-l-PI' WITH HUMAN THROMBIN 

In order to determine what other roles a-l-PI might have in regulating proteolysis 
studies have been initiated on both the clotting and fibrinolytic system. 


Although a-l-PI does not instantaneously inhibit thrombin, clotting times are 
considerably lengthened as incubation of the inhibitor with enzyme is increased. 
In fact, the slow formation of a complex can be established by SDS gel electro¬ 
phoresis after 30 min. incubation. These studies are still in progress and are 
hindered by the necessity to work with highly purified human thrombin. Further 
studies with this enzyme and with human plasmin are planned and' are described in 
the Specific Aims and Methods- of Procedures section of this proposal. 
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g) NEW TECHNIQUES IN AFFINITY CHROMATOGRAPHY 


* ■ -■/*": \V*V' <* ■ | 
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. As a consequence of our work with the Cibacron dyes as affinity chromatography 
ligands we became interested in the backbone compound from, which they are made. . 

This molecule, cyanuric chloride, is highly reactive and can interact with NH 2 , -V/ 
OH, and SH groups. Since it has three reactive chloride groups it can be attached ' 
to sepharose through one group, and to ligands through the other two chlorides 
since all three react at different temperatures. Thus, we have now made a variety 
of sepharose conjugates, heretofore unobtainable by classical cyanogen bromide 
activation, which whould prove useful in affinity chromatography for the purification 
of a number of enzymes. The derivatives we have made include sepharose-trasylol 
which works as well as that described above (section 2e, Ref. 17), sepharose- 
pectin, which is useful for amylase isolation, sephar os e-riboflavin which is being *• 
utilized for the isolation of flavoenzymes by others in our department and a 
number of sepharose dye derivatives which bind the bio luminescent enzymes called ' 
luciferases. It should be noted that the attachment of carbohydrates to sepharose 
in a direct manner has never been described before. 
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